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1. Scientific results 2016 

The current state of the art in Majorana research is the observation of zero-bias anomalies. This signature for 
Majoranas has been observed by several research groups and has been reproduced in many different device 
geometries. An important next step is to demonstrate that Majoranas can have topological properties.  
 
A topological qubit stores information as an even or odd parity in the particle number within the device, i.e. in 
whether there is an even or an odd number of electrons. The stability or lifetime of the parity constitutes the 
lifetime of the topological qbit. 
We have fabricated Cooperpair boxes made out of NbTiN and measured a parity lifetime exceeding one minute. 
This long lifetime was achieved by engineering a spatial dependence of the superconducting gap, creating on-
chip coolers for quasi-particles. (This work has been published in Nature Physics 2015; see also figure on front 
page).  
 
To create a topological qbit, such a Cooperpair box should be combined with a nanowire. Our initial experiments 
on Majorana fermion nanowires always featured a significant density of sub-gap states, presumably due to dis-
order at the semiconductor/superconductor interface. Such subgap states would lead to a dramatic decrease of 
the parity lifetime. We have hence optimized the surface preparation and film quality of the NbTiN supercon-
ducting contact to the nanowire which has allowed us to reliably reach the ballistic transport regime under the 
superconducting contact in these devices. Indeed, comparing the experimental data to detailed numerical 
simulations has allowed us to prove that our devices have a very long mean free path. This has led to a signifi-
cantly enhanced superconducting gap with fewer sub gap states, allowing for cleaner measurements of zero-
bias peaks in tunneling spectroscopy (This work has been submitted to Nature Communications). 
 
It is now well-understood that the visibility of Majorana bound states in the Andreev conductance depends cru-
cially on properties of the tunnel barrier used to probe the system. With the group of Erik Bakker's in Eindhoven 
we have developed and measured InSb nanowires with in-built tunnel barriers. Using detailed numerical model-
ling we could show that the resulting barriers are narrow and sharp, which should allow for a better characteri-
zation of Majorana bound states in forth-coming experiments. 
 
Majorana fermions rely crucially on the interplay of superconductivity, spin-orbit interaction, and magnetic 
fields. This combination has been predicted to give rise to a so-called φ0-junction, with a finite supercurrent at 
zero phase-difference. We have succeeded in measuring this effect for the first time, using a superconductor-
nanowire-superconductor device (This work has been published in Science). 
 
In order to drive a nanowire device in the topological phase with Majoranas, the chemical potential must be 
inside the Zeeman gap. All existing theoretical studies use the chemical potential as a parameter. In an experi-
ment, it is however only indirectly controlled through electric gates. In detailed simulations taking into account 
the electrostatic environment of the nanowire device we have found that the parametric dependence of 
Majorana fermions depends crucially on this environment. 
 
Signatures of Majorana bound states have been seen in 1D nanowires. An alternative platform are 2D topologi-
cal insulators that we pursued in the form of inverted InAs/GaSb quantum wells. We could show for the first 
time convincingly that gating can drive the system from the normal to the inverted regime by studying the 
magnetic field dependence (this work was published in Phys. Rev. Lett. 2015). Unfortunately, in a later work 
with collaborators from Copenhagen, Stanford, and Vancouver we found that even the normal regime hosts 
(trivial) edge channels, presumably due to band banding. These trivial edge states mask any possible topologi-
cal edge channel, making it very difficult to use edge states in this material for Majorana fermions. In a subse-
quent work with colleagues from Copenhagen we however found a very large spin-orbit splitting in this system, 
which we could also explain using band structure simulations. This large spin-orbit gives rise to a topological 
Berry phase and hope for using these materials for other topological phases. 
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2. Added value of the programme 

This IPP comes with a partnership with the Microsoft Station Q team that is headed by Dr. M. Freedman. This Q 
team is of exceptional quality and all meetings are very inspiring. 
 
3. Personnel 

The PhDs are on schedule with their projects. In 2016 Önder Gul has an extension for six months, he will finish 
his work on 30-6-2017. 
Postdoc Hao Zhang has an extension for another 2 years. 
 
4. Publications 

11TQC01 
a. Scientific (refereed) publications 
- Josephson ϕ0-junction in nanowire quantum dots; D.B. Szombati, S. Nadj-Perge, D. Car, S.R. Plissard, 

E.P.A.M. Bakkers & L.P. Kouwenhoven, Nature Physics 12, 568–572 (2016) doi:10.1038/nphys3742 
Received 30 November 2015 Accepted 23 March 2016 Published online 02 May 2016. 

- Erratum: Josephson φ0-junction in nanowire quantum dots; D.B. Szombati, S. Nadj-Perge, D. Car, 
S.R. Plissard, E.P.A.M. Bakkers & L.P. Kouwenhoven, Nature Physics 12, 984 (2016) 
doi:10.1038/nphys3898. 

 
b. Presentations at (inter)national scientific conferences 
- Spin-orbit Josephson ϕ 0 -junction in nanowire quantum dots; Daniel Szombati, Stevan Nadj-Perge, 

Diana Car, Erik Bakkers, Leo Kouwenhoven. APS March Meeting 2016, March 14–18, 2016; Baltimore, 
Maryland, USA. 

 
 
12TQC03 
a. Scientific (refereed) publications 
- Conductance Quantization at zero magnetic field in InSb nanowires. J. Kammhuber, M.C. Cassidy, H. Zhang, 

Ö. Gül, F. Pei, M.W.A. de Moor, B. Nijholt, K. Watanabe, T. Taniguchi, D. Car, S.R. Plissard, 
E.P.A.M. Bakkers, L.P. Kouwenhoven. Nano letters 16, 3482 (2016) open access on arXiv preprint 
repository. 

- Revealing the band structure of InSb nanowires by high-field magnetotransport in the quasiballistic regime. 
F. Vigneau, Ö. Gül, Y.-M. Niquet, D. Car, S.R. Plissard, W. Escoffier, E.P.A.M. Bakkers, I. Duchemin, 
B. Raquet, M. Goiran. Physical Review B 94, 235303 (2016). 

 
b. Presentations at (inter)national scientific conferences 
- Majorana modes in InSb nanowires (II): resolving the topological phase diagram. H. Zhang, Ö. Gül, 

M. de Moor, F. de Vries, J. van Veen, D. van Woerkom, K. Zuo, V. Mourik, M. Cassidy, A. Geresdi, D. Car, 
E. Bakkers, S. Goswami, K. Watanabe, T. Taniguchi, L. Kouwenhoven. Publication: APS March Meeting 2016, 
March 14–18, 2016; Baltimore, Maryland, USA. 

- Experimental progress on Majoranas in semiconductor nanowires. Ö. Gül. Invited lecture at Workshop 
Majorana 2016, Mainz, Germany (23-02-2016). 

 
 
12TQC05 
a. Scientific (refereed) publications 
- Quantized Conductance and Large g-Factor Anisotropy in InSb Quantum Point. F. Qu, J. van Veen, F.K. de 

Vries, A.J.A. Beukman, M. Wimmer, W. Yi, A.A. Kiselev, B.-M. Nguyen, M. Sokolich, M.J. Manfra, F. Nichele, 
C.M. Marcus and L.P. Kouwenhoven, Nano Letters (2016), Article ASAP. DOI: 
10.1021/acs.nanolett.6b03297. Publication Date (Web): November 2, 2016 
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- Giant spin-orbit splitting in inverted InAs/GaSb double quantum wells. F. Nichele, M. Kjaergaard, H.J. 
Suominen, R. Skolasinski, M. Wimmer, B.-M. Nguyen, A.A. Kiselev, W.Yi, M. Sokolich, M.J. Manfra, F. Qu, 
A.J.A. Beukman, L.P. Kouwenhoven, C.M. Marcus. Phys. Rev. Lett. 118, 016801 (2017). 

- Quantized conductance doubling and hard gap in a two-dimensional semiconductor-superconductor 
heterostructure. 
M. Kjaergaard, F. Nichele, H.J. Suominen, M.P. Nowak, M. Wimmer, A.R. Akhmerov, J.A. Folk, K. Flensberg, 
J. Shabani, C.J. Palmstrøm, C.M. Marcus. Nature Comm. 7, 12841 (2016). 

- Effects of the electrostatic environment on the Majorana nanowire devices. A. Vuik, D. Eeltink, 
A.R. Akhmerov, M. Wimmer. New J. Phys. 18, 033013 (2016). 

 
b. Presentations at (inter)national scientific conferences 
- Elecrostatics effects on Majorana fermions and the helical gap. Topological States of Matter, San Sebastian, 

Spain, 9 September 2016. 
- Majorana fermions in nanowires: The role of gates and Andreev reflection Majorana2016, Schloss 

Waldthausen, Germany, 23 February 2016. 
- Transport in quantum spin Hall systems in parallel magnetic fields APS March meeting, Baltimore, USA, 

14 March 2016. 
- Introduction to Computational Quantum Nanoelectronics APS March meeting, Baltimore, USA, 13 March 

2016. 
- Transport in quantum spin Hall systems in parallel magnetic fields DPG Spring meeting, Regensburg, 

Germany, 4 March 2016. 
 
 
12TQC07 
a. Scientific (refereed) publications 
- InSb Nanowires with Built-In GaxIn1−xSb Tunnel Barriers for Majorana Devices. D. Car, S. Conesa-Boj, 

Hao Zhang, R.L.M. Op het Veld, M.W.A. de Moor, E.M.T. Fadaly, Ö. Gül, S. Kölling, S.R. Plissard, V. Toresen, 
M.T. Wimmer, K. Watanabe, T. Taniguchi, L. Kouwenhoven and E.P.A.M. Bakkers. Nanoletters (2016) 
Published 17 November 2016. DOI: 10.1021/acs.nanolett.6b03835Output. 

 
b. Presentations at (inter)national scientific conferences 
- Majorana modes in InSb nanowires (I): zero bias peaks in hybrid devices with low-disorder and hard 

induced superconducting gap; H. Zhang, M.W.A. de Moor, F. de Vries, J. van Veen, D.J. van Woerkom, 
K. Zuo, V. Mourik, M. Cassidy, A. Geresdi, D. Car, E.P.A.M. Bakkers, S. Goswami, K. Watanabe, 
T. Taniguchi, L.P. Kouwenhoven. APS March Meeting 2016, March 14–18, 2016; Baltimore, Maryland, USA. 

- Majorana modes in InSb nanowires (II): resolving the topological phase diagram; H. Zhang, Ö. Gül, 
M. de Moor, F. de Vries, J. van Veen, D. van Woerkom, K. Zuo, V. Mourik, M. Cassidy, A. Geresdi, D. Car, 
E. Bakkers, S. Goswami, K. Watanabe, T. Taniguchi, L. Kouwenhoven. Publication: APS March Meeting 2016, 
March 14–18, 2016; Baltimore, Maryland, USA. 

 
5. PhD defences 

Daniel Szombati will obtain his doctorate on 24th of March 2017. 
 
6. Valorisation, outreach and patents 

- Towards Majorana QuBits, L.P. Kouwenhoven, 15–19 June, 2016 Station Q, Santa Barbara 
- Quantum Computer, L.P. Kouwenhoven, 13 May 2016, RTLZ tv interview 
- Quantum Computer, L.P. Kouwenhoven, 10 June 2016, NOS Hilversum, interne bijeenkomst met 

gastsprekers 
- Quantum Computer, L.P. Kouwenhoven, 27 September 2016, Opname TV college NPO3 
 
7. Vacancies 

There are no vacancies. All positions have been filled in. 
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Fact sheet as of 1 January 2017 

 FOM – 11.0620/7 
 datum: 01-01-2017 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME  
 
 
Number i26. 
  
Title (code) Topological quantum computation (TQC) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. L.P. Kouwenhoven 
  
Duration 2011 - 2018 
  
Cost estimate M€ 4.0 
  
Partner(s) Microsoft 
  
Concise programme description 

a. Objectives 

The realization of a quantum computer depends on the suppression of decoherence. Most qubit designs have 
ways to protect the information-carrying quantum state as much as possible but the protection is never 
complete. This makes the lifetime of a quantum superposition finite and qubit operations subject to errors. 
There is one exception to this inherent obstacle: topologically protected qubits; in short top-qubits. The intrinsic 
design of top-qubits is such that deformations do not change the qubit state. This intrinsic protection is the 
same as the protected winding-number of a belt with a single twist; deformations without breaking the belt 
cannot undo a single twist. It is obviously advantageous to build a complex quantum computer based on 
infinitely lived qubit states. Top-qubits have yet to be realized and currently exist only on paper in various 
theoretical proposals. Nevertheless, Microsoft Station Q has chosen to focus their qubit activities entirely on this 
approach. This IPP proposes to realise topologically-protected qubits in nanoscale solid state devices. 
 
b. Background, relevance and implementation 

Recent theoretical proposals have developed new schemes for top-qubits based on nano-devices with 
semiconductor nanowires and superconducting electrodes. It turns out that the leading proposals by Lutchyn et 
al. (2010) and Oreg et al. (2010) are based on previously realised devices (2006) by the Kouwenhoven group. 
The Kouwenhoven group thus has all the necessary expertise for upgrading their earlier devices into top-qubit 
devices. For this reason Microsoft Station Q intends to finance experimental research in Kouwenhoven's group. 
This IPP aims at understanding and solving various scientific questions concerning the character of topological 
phases and states in condensed matter systems. The motivation of addressing these questions is the 
technological goal of a new form of computing, which is based on two new ingredients: quantum mechanics and 
topology. The realisation of a full-scale quantum computer falls outside the timescale of this IPP. Within this 
programme we focus on the initial required steps: the realisation and manipulation of top-qubits based on the 
development of solid state Majorana Fermions. Within the first tranche of this programme signatures of 
Majorana Fermions have been observed in 2012 (10.1126/science.1222360). 



 
 
 

 
 
 - 8 - 
 

Funding 
 
salarispeil cao per 01-01-2016 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 1.700 100 100 - - - 1.900 

FOM-basis investeringen - - - - - - - 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

- Microsoft*) 

- TKI-toeslag 
1.900 

200 
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

1.900 
200 

Totaal 3.800 100 100 - - - 4.000 

*) Microsoft draagt in totaal k$ 2.600 bij. De exacte bedragen in euro's worden bepaald volgens de koers op de 
dag dat de middelen worden overgemaakt. Daarnaast draagt Microsoft circa 35 k$ in-kind bij. 

 
Source documents and progress control 

a) Original programme proposal: FOM-11.04041), FOM-12.02522), FOM-13.00133) 

b) Ex ante evaluation: FOM-11.04781), FOM-11.06431), FOM-12.06412),  
FOM-13.07893) 

c) Decision Executive Board: FOM-11.06441), FOM-12.06992), FOM-13.09043) 
d) Contracts: FOM-11.07441), FOM-11.07451,2), FOM-11.07461),  

FOM-12.05402), FOM-12.07112), FOM-13.10553),  
FOM-13.10563) 

 
1) concerns first tranche 

2) concerns second tranche 
3) concerns third tranche 
 
Remarks 

The final evaluation of this programme will consist of a self-evaluation initiated by the programme leader and is 
foreseen in 2018. 
 
 
 
 
 
 
 
 
 
 
 
 MH par. HOZB 
 
 
Subgebied: 100% NANO  
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Overview of projects and personnel 

 
Workgroup FOM-D-41 

Leader Prof.dr.ir. L.P. Kouwenhoven 

Organisation Delft University of Technology 

Project leader Prof. Y. Nazarov 

Project (title + number) Topological quantum computation 5 12TQC05 

 

FOM employees on this project 

Name  Position Start date End date 

M.T. Wimmer postdoc 1 October 2013 30 September 2018 

 
 

Leader Prof.dr.ir. L.P. Kouwenhoven 

Organisation Delft University of Technology 

Project (title + number) Topological quantum computation 3 12TQC03 

 

FOM employees on this project 

Name  Position Start date End date 

O. Gul PhD 1 January 2013 31 March 2017 

 
 

Leader Prof.dr.ir. L.P. Kouwenhoven 

Organisation Delft University of Technology 

Project (title + number) Topological quantum computation 1 11TQC01 

 

FOM employees on this project 

Name  Position Start date End date 

D.B. Szombati PhD 1 September 2011 29 May 2016 

 
 

Leader Prof.dr.ir. L.P. Kouwenhoven 

Organisation Delft University of Technology 

Project leader Prof. Y. Nazarov 

Project (title + number) Topological quantum computation 5 12TQC07 

 

FOM employees on this project 

Name  Position Start date End date 

H. Zhang postdoc 1 August 2014 31 July 2018 
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